1. Introduction
===============

Primary prevention of cardiovascular diseases contributes to an extension of healthy life expectancy. Accordingly, preventing or retarding atherosclerotic processes is one of the most important strategies in public health, with hypertension onset one of the major risk factors to target. Unfortunately, the risk of cardiovascular events in hypertensive patients remains high even with strict management of blood pressure, compared to normotensive individuals not taking antihypertensive medication.^\[[@R1],[@R2]\]^ Thus, primary prevention of hypertension is crucial in further reducing cardiovascular morbidity and mortality.

Assessing the target organ damage in hypertensive patients is important for accurately ascertaining the impact of increased blood pressure and the sensitivity of individuals to such increases. Indeed, carotid intima-media thickness (IMT) is an index of atherosclerotic vascular damage that is closely associated with blood pressure levels.^\[[@R3]\]^ Conversely, an increase in carotid IMT suggests the presence of atherosclerotic risk factors, and in individuals without hypertension it suggests that risk factors other than hypertension play a major role in accelerating the process of atherosclerosis. The diagnosis of metabolic syndrome is based on the fundamental concept that each component of the condition is not coincidently clustered and that there are close associations among the components. Thus, an increase of blood pressure might also cluster around risk factors that promote the increase in carotid IMT in individuals without hypertension.

While carotid IMT in hypertensive patients is an important marker of hypertensive organ damage,^\[[@R4]\]^ this index is not widely considered with respect to blood pressure in normotensive subjects. Thus, we investigated whether carotid IMT predicts new onset of hypertension in the normotensive subjects.

2. Methods
==========

2.1. Study design
-----------------

We conducted a cohort study from July 2008 to June 2013 to investigate the impact of carotid IMT assessed by ultrasound examination on the incidence of hypertension, using participants who visited our hospital for a yearly physical checkup from July 2008 to December 2011. The study protocol was in accordance with the principles of the Declaration of Helsinki and was approved by the Ethics Committee of Enshu Hospital. All participants gave written informed consent to participate before the start of the study and at each study visit.

2.2. Study participants and procedures
--------------------------------------

Participants who underwent carotid ultrasound examination as a part of a routine checkup program (n = 1419) were screened for eligibility for the present study. Participants aged 25 years or older, those without hypertension, and those without a history of coronary heart disease or stroke were enrolled (n = 867) and followed up with the endpoint being the onset of hypertension. Blood pressure was measured 3 times at 2-minute intervals during the annual health checkup using a mercury sphygmomanometer in a sitting position after 5 minutes rest. The mean of the second and third measurements was taken as the blood pressure. Hypertension was defined as systolic blood pressure (SBP) ≥ 140 mm Hg, diastolic blood pressure ≥ 90 mm Hg, or if they used antihypertensive medications.^\[[@R4]\]^ Participants were defined as having dyslipidemia if their high-density lipoprotein (HDL) cholesterol level was \<40 mg/dL, if their low-density lipoprotein (LDL) cholesterol level was ≥140 mg/dL, if their triglyceride level was ≥150 mg/dL, or if they used antidyslipidemic medications.^\[[@R5]\]^ Participants were defined as having diabetes mellitus if their fasting plasma glucose (FPG) level was ≥126 mg/dL or if they used antidiabetic medications. The estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation.^\[[@R6]\]^

2.3. Measurement of IMT
-----------------------

The carotid artery was imaged with an ultrasound system (ProSound SSD-3500SV; Aloka Co., Ltd, Tokyo, Japan). The bilateral common carotid arteries were examined at 1- to 2-cm proximal sites to the carotid bifurcation on a longitudinal, 2-dimensional ultrasound image. The IMT in the posterior wall of the common carotid artery was measured as the distance from the leading edge of the first echogenic line (lumen--intima interface) to the leading edge of the second line (media--adventitia interface).^\[[@R7]\]^ IMT was measured at 3 points, the maximal site and 10 mm distal and proximal of the maximal site, at each side of the common carotid artery, and the average of the 6 measurements was taken as the IMT value.^\[[@R8]\]^ The examiners of the ultrasound images had no access to the subjects' medical information.

2.4. Statistical analysis
-------------------------

All analyses were performed using IBM SPSS statistics 24 software (Chicago, IL). Data in the text and tables are expressed as mean ± standard deviation or the number and percentage of participants. Differences between two means that had a normal distribution were compared using the unpaired Student\'s *t* test. Chi-square test was used for comparisons between categorical data. The Kaplan--Meier method was applied to calculate cumulative incidence rates of new-onset hypertension. The significance of differences in the cumulative incidence rates was evaluated by the log-rank test and adjusted by multivariate Cox proportional hazard regression models. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. The relationship of IMT as a continuous variable to the onset of hypertension was investigated using multivariate Cox proportional hazard regression models. The impact of baseline IMT on changes in blood pressure was assessed by multivariate linear regression analysis. Linear regression analysis was performed for each participant using change in blood pressure as a dependent variable and the follow-up period (in years) as an independent variable, and the slope of the regression line was considered to indicate the yearly change in blood pressure. In participants who started antihypertensive medication during the follow-up period, changes in blood pressure were calculated using data obtained before the prescription of antihypertensive drugs. *P* \< .05 was considered significant.

3. Results
==========

Table [1](#T1){ref-type="table"} summarizes the baseline characteristics of subjects in the present study. Cross-sectional analysis using a multiple linear regression model revealed that carotid IMT was correlated with age (*r* = 0.406, *P* \< .001), male gender (*r* = 0.119, *P* = .011), body mass index (*r* = 0.081, *P* = .018), SBP (*r* = 0.100, *P* = .002), FPG (*r* = 0.077, *P* = .017), LDL-cholesterol (*r* = 0.062, *P* = .049), and HDL-cholesterol (*r* = --0.071, *P* = .029). The actual follow-up period of the present study was 2393 person-years and the median follow-up period per participant was 1091 days (range 177--1815 days). During the follow-up, 184 subjects developed hypertension (21.2%, 76.9 per 1000 person-years), with a higher incidence in males (24.7%, 90.8 per 1000 person-years) than in females (18.5%, 66.1 per 1000 person-year; *P* \< .05). By retrospective analysis, carotid IMT was greater in subjects with (0.83 ± 0.19 mm) than without future hypertension (0.73 ± 0.15 mm; *P* \< .001), although most variables at baseline were different between subjects with and without future hypertension (Table [2](#T2){ref-type="table"}).
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Baseline characteristics of study subjects.
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Retrospective analysis of study subjects' characteristics at baseline.
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Univariate analysis and multivariate Cox-hazard regression analysis adjusted for age, gender, body mass index, SBP, heart rate, serum creatinine, uric acid, FPG, LDL-cholesterol, HDL-cholesterol, current smoking habit, and family history of hypertension at baseline revealed that carotid IMT measured at baseline was an independent predictor of future hypertension (Table [3](#T3){ref-type="table"}). The cut-off value, area under the curve (AUC), sensitivity, and specificity for new onset of hypertension was 0.75 mm, 0.667, 59.8, and 66.5, respectively, based on receiver operating characteristics (ROC) curve analysis. Then, subjects were divided into 2 groups using the cut-off value obtained from the ROC curve analysis to compare the risk of future hypertension (see Table [1](#T1){ref-type="table"}); by multivariate Cox-hazard regression analysis, those subjects with increased IMT had a 63% increase in risk (Table [4](#T4){ref-type="table"}, Model A). The incidence of hypertension in the low and high IMT groups was 47.1 and 103.5 per 1000 person-years, respectively. Subjects were then divided into tertiles according to the carotid IMT value and the incidence of hypertension was analyzed by the Kaplan--Meier method. The IMT value in the first, second, and third tertiles was 0.59 ± 0.06, 0.75 ± 0.04, and 0.95 ± 0.15 mm, respectively, and the incidence of hypertension was increased across the tertiles (39.6, 70.0, and 134.5 per 1000 person-years in the first, second, and third tertiles, respectively, *P* \< .001 by log-rank test; Fig. [1](#F1){ref-type="fig"}). Multivariate Cox-hazard regression analysis demonstrated that HR (95% CI) was increased with increasing carotid IMT values (Table [4](#T4){ref-type="table"}, Model B). In addition, the carotid IMT value at baseline significantly correlated with yearly increases in SBP during the follow-up period by univariate and multivariate liner regression analyses (*r* = 0.176, *P* \< .001 and *r* = 0.192, *P* \< .001, respectively) (Table [5](#T5){ref-type="table"}).
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Cox proportional hazard regression analyses for future development of hypertension.
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Multivariate Cox proportional hazard regression analyses for future development of hypertension.
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![Plots of hypertension incidence rates. Participants were divided into the tertiles according to their carotid IMT levels at baseline. The straight, dotted, and bold straight lines indicate the first, second, and third tertiles, respectively. *P* \< .0001 by log-rank test.](medi-96-e7710-g005){#F1}
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Univariate and multivariate regression analyses demonstrating the relationship between baseline variables and yearly increase in systolic blood pressure.
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4. Discussion
=============

The present study demonstrated that carotid IMT assessed by ultrasound sonography is a significant determinant of future development of hypertension in normotensive subjects. Since yearly increases in blood pressure are also independently correlated with carotid IMT, this index is also strongly associated with the process by which the future hypertension might develop.

In the present study, although retrospective analysis indicated a significant increase in carotid IMT in subjects with future hypertension, most variables investigated at baseline were different between subjects with and without future hypertension. Conversely, prospective analysis taking carotid IMT as a continuous variable after adjustment for important variables identified this carotid index as an independent predictor of new-onset hypertension. To confirm and explore these initial results, we performed further analyses after dividing the subjects into 2 or 3 groups according to the carotid IMT value to find that the risk of developing hypertension increased even within the normal range of carotid IMT (below 1.1 mm).^\[[@R9]\]^ The cutoff value obtained from ROC curve analyses in general (0.75 mm; that is also the median carotid IMT value in the present study) is not considered to indicate hypertensive organ damage, but our subjects with carotid IMT \>0.75 mm had an increased risk of future hypertension. Although the AUC, sensitivity, and specificity was not sufficiently high to propose this value as a cutoff for predicting hypertension per se, the predictive value of carotid IMT for future hypertension was relatively high based on the analysis of subjects divided into tertiles. The concept that carotid IMT is an independent predictor of new-onset hypertension is further supported by the present analysis showing an independent correlation with changes in SBP and baseline IMT. However, it should be noted that several other factors have also been associated with the development of hypertension, including increased blood pressure within the normal range, family history of hypertension, obesity, impaired glucose tolerance, reduced glomerular filtration rate, urinary albumin, and left ventricular hypertrophy assessed by electrocardiography,^\[[@R10]--[@R13]\]^ and carotid IMT is not the only predictor of hypertension.

The causal relationship between an increased carotid IMT and the development of hypertension was not proved by the present observational study and the mechanisms possibly underlying such an association remain unclear. Carotid IMT is also considered to predict hypertensive organ damage and is thus used for risk stratification in patients with hypertension.^\[[@R4]\]^ Since IMT is representative of systemic atherosclerosis, an increase suggests the presence of atherosclerotic risk factors such as aging, smoking, hypertension, diabetes mellitus, and dyslipidemia. This was partially confirmed in the cross-sectional analysis at baseline that correlated carotid IMT with age, male gender, body mass index, SBP, FPG, LDL-cholesterol, and HDL-cholesterol. The results thus indicate that individuals with increased carotid IMT might have other, closely associated risk factors, as suggested in the fundamental principles of the metabolic syndrome. Thus, normotensive subjects with increased carotid IMT might have atherosclerotic risk factors other than hypertension and a fundamental abnormality (e.g., insulin resistance or visceral fat accumulation) that causes both increased blood pressure and disorders in lipid or glucose metabolism. Such a scenario could underlie the present finding of carotid IMT as a significant predictor of future hypertension. Alternatively, the increased carotid IMT at baseline might have reflected a mild or transient increase in blood pressure because in the early phase of developing hypertension, blood pressure gradually increases with fluctuations. Indeed, individuals with white-coat hypertension who show transient increases in blood pressure often go on to develop a sustained hypertension.^\[[@R14]\]^ An increase of carotid IMT may have indicated hypertensive organ damage in some participants.

IMT measured by ultrasound is a useful marker of cardiovascular events,^\[[@R15]--[@R17]\]^ although slowing or preventing a progressive increase in IMT by intensive medical treatment is not directory related to a reduced incidence of cardiovascular events.^\[[@R18]\]^ Moreover, guidelines for the management of arterial hypertension (2013 ESH/ESC) noted the modest effect of antihypertensive medication on carotid IMT and recommended limiting IMT evaluation as an index of clinical management.^\[[@R19]\]^ Since the present study did not prove a causal relationship between IMT and the risk of hypertension, it remains unclear whether medically inhibiting increased IMT, such as by the use of statins, might reduce an individual\'s risk of hypertension and, thereby, cardiovascular disease. Further study will be necessary to determine the effects of such interventions to reduce carotid IMT.

The interpretation of the present results is limited by the following points. First, the study subjects were participants in our annual physical checkup program, so blood pressure was measured only once a year. Data on ambulatory blood pressure monitoring or home blood pressure measurement were not available and white coat hypertension cannot be excluded from our study. Moreover, follow-up data on blood pressure were not available in all participants and, thus, the diagnosis of hypertension may have not been definite. Second, IMT was measured manually by a number of different trained technicians and the presence or absence of plaque was not evaluated in this study. Third, effects of medications such as antidiabetic or antidyslipidemic drugs could have affected the results.

In conclusion, the index of carotid IMT is significantly associated with both the development of hypertension and yearly increases in blood pressure in normotensive subjects. Carotid IMT is a novel predictor of future hypertension as well as a marker of hypertensive organ damage.

Abbreviations: AUC = area under the curve, CI = confidence interval, DBP = diastolic blood pressure, eGFR = estimated glomerular filtration rate, FPG = fasting plasma glucose, HDL = high-density lipoprotein, HR = Hazard ratio, HT = hypertension, IMT = intima-media thickness, LDL = low-density lipoprotein, ROC = receiver operating characteristics curve, SBP = systolic blood pressure.
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